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ABSTRACT 


.Approximately 350 acres of land were disturbed by the mining oper- 
ation at Cadcmin, Alberta, and no effort was made to reclaim the area 
apart from removing buildings. The site has remained unchanged since 
operations ceased in 1952 and thus presented an opportunity to examine 
the effects of long-term natural revegetation, and potential slope 
stability and erosion problems. The objective of the study was to 
determine the geologic and microclimatic conditions that account for the 
distribution and amount of natural revegetation of the abandoned coal 
mine southeast of Cadomin. The topography, vegetation, surface drainage 
and spring discharge were mapped and three microclimatic stations were 
installed in the minesite and two in the adjacent undisturbed area. Air, 
surface and soil temperature, humidity, precipitation and wind speed 
were recorded ai each station from June to September 1972. ‘The spoil 


materials consist of fractured sandstone, shale, coal and minor con- 
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giomerate and ironstone of the Luscar Formation. These materials, 
especially the shale and softer sandstone, weather extremely rapidly 

and this weathering can be attributed primarily to frost-wedging. 
Despite the steep slopes typical of the spoil piles and the availability 
of conminuted materiai Jittle degradation by mass wasting occurs. The 
occasional rockfall and debris fail do occur but talus creep and rock 


wats eas ee : ie eee wes eae Ey aie ee - e a etn SSE Sea 
creep are the dominant mass-wasting processes. Spoil material is 


transported by running water and gullies have resulted; this erosion is 
relatively minor as runoff is minimal because of removal of snow cover 


by high winds and the high spoil permeability. Spoil piles observed in 


the’ Cadomin area are therefore stable. Chemical analysis of surface 
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water above tne minesite and spring discharge below and in the minesite 
indicate little change in total dissolved solids or chemical constit- 
uents of the water. This indicates rapid movement of water through the 
spoil and minimal chemical reaction of the water with the spoil. 
Observations and measurements indicate that seed supply, soil moisture 
and high winter winds are the three dominant factors that account for 
the minesite's natural revegetation. The prevailing wind from the west 
is strong and persistent and transports seed over the mine, dropping 
seed only on the lee sides of boulders or mounds, or in depressions and 
this results in an extremely azonal and sparse vegetation. Vegetation 
growth is inhibited by the inability of the spoil material tc retain 
moisture; fines and organic material are lacking on the surface and 
infiltration of water is rapid. Potential evapotranspiration is sig- 
Be act higher in the minesite than in the control area anda 
greater moisture deficiency exists in the minesite for longer periods 
than in the control area. Vegetation growth is further inhibited by 
abrasion by wind-blown snow and rock particles during winter and des~ 
ication during chinooks. The vegetation distribution therefore reflects 


S aL 


the areas thet are protected from wind, that have adequate soil moisture 


supply or spring discharge: and have snow cover during winter. 
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Figure 1.1 Location of the study area . 
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CHAPTER I 


INTRODUCTION 
General statement 
Coal has been extracted in the Alberta Foothills since the late 
1800's, and economic, technological and social conditions have changed 
significantly since then. The present shortage of fossil fuel energy 
and the stringent regulation on sulphur content of fossil fuels is 
opening up new markets for Alberta-Foothill coal. At present, this 
coal is most economically extracted by surface mining as the use of 
giant and automated machinery is cheaper than labour-intensive, 
relatively dangerous, underground mining. The operating mines at 
present are therefore much larger and disturb much more land than any 
. 
past mining operation. Until a few years ago it was considered 
acceptable to abandon minesites without any attempt to reclaim the 
landscape. Today the public has recognized values of landscape other 
than the economic benefit of mineral extraction and has demanded the 
reclamation of land disturbed by mining. The Alberta government has 
recognized public concern and has passed laws to require reclamation 
of land disturbed by surface coal mining. Unfortunately although there 
is much established knowledge on the reclamation of disturbed-land in 
Europe and the eastern U.S.A. there is little similar knowledge for the 
Alberta Foothills. 
An estimated 32,000 acres of the Alberta Foothills will be strip- 
mined for coal over the next 20 years. This estimate excludes areas 


utilized for access roads, service facilities, townsites and coal 


exploration activities; thus a significant area ultimately will require 
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reclamation if it is to be restored to a cond‘tion approximating its 
former state. Reclamation is usually interpreted to mean restoring the 
disturbed area to its original contour, ensuring stable slopes, and 
preventing erosion and physical and chemical contamination of water 
courses by revegetating the disturbed area. Although the restoration of 
disturbed land to stable, if not the original contours, presents no 
difficulty, the remaining aspect of reclamation, especially revegetation, 
presents considerable difficulties, and at present, successful reclamat- 
ion procedures in the Alberta Foothills remain to be determined. 

The abandoned minesite at Cadomin was visited in October, 1971, 
and the writer's observations and conclusions suggested that micro- 
climatic and geologic conditions regulate the area's natural revegetation. 
Objective 

fhe objective of the following study was to investigate and 
determine the geological and microclimatic conditions that account for 
the distribution and amount of natural revegetation of the abandoned 


esite southeast of Cadomin, Alberta. 
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Location of and access to the study area 

cudy area .is situated in the foothills region of west-central 
nt 4 . + 4 a7 va Nee fom. kd “ 

Aiberea at 53-01" morph latitude ahd 117°18% wast longitude (Fieure 1). 


The study area is 1.6 km southeast of the town of Cadomin which is accessible 
from Hinton (48 km to ne north) via Luscar and from Edson (112 km to 

the northeast) via Highway 47. The study area is accessible from 

Cadomin by the bridge owned by Inland Cement Industries Company Limited 
across the McLeod River. A road from the bridge runs parallel to the 


river and 2./ km north of the bridge the road connects with the abandoned 


haul road to the minesite. 
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Figure 1.1. Location of the study area. 





The study area consists of all land disturbed by the mining 
operation (350 acres) and the adjacent, undisturbed land surrounding 
the area (300 acres) (Figure 1.2). All disturbed land will be referred 
to as the "minesite' and all undisturbed land surrounding the minesite 
will be referred to as the "control area". 

Physiography of the region 

The study area lies at approximately 1675 m above mean sea level, 
just below treeline at the extreme eastern edge of the Rocky Mountains 
on the northeast flank of the Nikanassin Range. Peaks in this range are 
up to 2438 m high. The range extends 30 km to the northwest and 27 km 
to the southeast from Cadomin, and is cut by the valley of the McLeod 
River about 1.6 km west of the study area. The range represents a 
considerable barrier to the easterly flow of Pacific air. The McLeod 
River has eroded the valley floor to 1525 m above mean sea level and the 
flow of air through this gap is often rapid and violent and has given 
rise to the awesome high winds recorded at Cadomin. The effects of 
these winds will be discussed in the follcowing chapters. 

The study area is bounded on the northwest by the McLeod River 
valley and on the southwest by the Nikanassin Range. To the northeast 
a small valley separates the study area from a range of foothills 1800 m 
high which paralleis the mountain ranges. To the southeast the study 
area is bounded by a rounded spur of the Nikanassin Range. 

Topography of the minesite 

The minesite consists of a large main pit, an upper smaller pit 
and the overburden material that was dumped downslope from the pits 
‘(Figure 1.2). The overburden material dumped downslepe Gonete te 


of the broken rock strata, soil and vegetation that was remeved 
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Figure 1.2. 
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Figure 1.2. Vertical air photograph of the study area 
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to gain access to the coal seams. This material forms the character- 
istic flat-topped and steep-sided lobes which will be referred to here 
as spoil piles. 

The main pit is an elongated tear-drop shape, is 793 m long, 61m 
deep at the wide east end and less than 15 m deep at the narrow west end, 
The walls of the main pit are very steep. At the west end of the main 
pit the scuth wail is vertical; the south wall at the east end is not as 
steep (55 degrees). The north wall in the main pit has 4 series of 
stepped cliffs along its length but is not generally as steep as the 
south wall. 

The upper pit is smaller, shallower and has less steep walls than 
the main pit. The pit resembles a golf club with the club at the west 
end. ft is 240 m long, 60 m wide and 27 m deep. 

The spoii piles from the main pit form an extensive flat-topped, 
steep-sided, tiéred beac wPana at the lower east end of the minesite. A 
rolling topography with two isolated spoil piles extends between these 
spoil piles and the west end where one long spoil pile is present. The 
spoil piles from the upper pit are smaller but are close to the upper 
edge of the south wall of the main pit (Figure 1.2). The topography of 
the minesite is thus varied and rugged with a preponderance of steep 
slopes and flat surfaces. 

Topography of the control area 

The control area to the west comprises the uniform undisturbed 
slope of the mountainside. The control area to the north of the mine~ 
site contains a steep-sided valley and a low ridge which separates the 


study area from the main valley below. 
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Drainage of the study area 

The study area is drained by Watson Creek which flows to the east 
and "Cadomin" Creek which flows to the northwest; both creeks are small 
but permanent and both flow into the McLeod River. 
Climate 

The climate of the region is classified as subarctic or Dfe in the 
Koppen system of climatic classification. The letter D signifies humid 
microthermal climates with cold winters and short cool summers, the mean 
temperature of the coldest month below -3°C and the mean temperature of 
the warmest month above 10°C. The letter f signifies precipitation 
throughout the year. The letter c signifies cool, short summers with 
only one to three months with a mean temperature above 10°C (Atlas of 
Canada, 1957). The climate varies considerably from place to place 
because of the rugged topography, large local relief and exposure to 
wind, During the winter months air that passes over the Rockies period- 
ically descends rapidly and warms adiabatically and the chinooks which 
result lead to high temperatures, rapid removal of snow cover and des- 
sication of vegetation in the area. 
Soils 


the region are complex and are dependent on the parent 


wo 
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material and elevation. The study area was not glaciated during the 


have developed directly from weathered bedrock. 
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Pleistocene and the soi 
The dominant soils of the control area are described as Lithic Orthic 
Grey Luvisols with Lithic Degraded Eutric Brunisols significant (Research 
Council of Alberta Soil Survey, 1972). The soils are medium- to fine- 
textured, light olive brown to yellowish brown, stony and have a thin 


(2 - 8 em) organic Ah horizon. 
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Vegetation 

Vegetation in the region is classified as lodgepole pine-white 
spruce-Engelmann spruce (Pinus contorta var. latifolia-Picea glauca- 
-Picea engelmanii) (Atlas of Alberta, 1969). 

The vegetation in the control area is mainly Engelmann spruce and 
white spruce with some lodgepole pine, balsam poplar (Populus balsam- 
ifera) and alder (Alnus crispa). The tree cover is scattered and 
stunted. Vezetation in the minesite will be discussed in Chapter V. 
Reclamation 

Approximately 350 acres of land was disturbed by mining operations 
at the minesite and no effort was made to reclaim the area apart from 
removing buildings. The study area has remained unchanged since oper- 
ations ceased in 1952 and thus it presented an opportunity to examine 
the long-term natural revegetation and potential slope stability and 
erosion problems. 

Previous work 

Aithough voluminous literature is available on many aspects of 
disturbed land reclamation for the eastern United States and some parts 
of Europe, little similar literature is available for the Alberta Foot- 
hilis. Peterson and Etter (1970) have summarized the literature related 
to disturbed land reclamation and research in the Rocky Mountain region 
of Alberta and conclude that there is a need to"... define the critical 
environmental eh eter soni eh Limit’... * plant erowth on: ..4+disturbed 
sites". To the writer's knowledge there has been little research con- 
ducted on geclogic and microclimatic conditions associated with disturbed 


land in the Alberta Foothills. 
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The geology of the Alberta Foothills is well known. MacKay (1929, 


wapped the bedrock geology and described and named the formations 


present around the Cadomin area. Mellon (1966) described a section of 


bedrock at Cadomin and this is discussed in full in Chapter II. 


Harrison (1972) reported on the ",.. initial stage of a study of 


the geological, geomorphological and hydrological factors affecting 


_mountain coal resource exploration, exploitation and subsequent land 


restoration ... in the Crowsnest Pass-Elk Valley area of Alberta and 


British Columbia" (p. 184). He examined thirteen surface mines and 


noted the aspect, profile, stability, associated deposits, composition, 


active geomorphic processes and vegetation of each. His preliminaxy 


analyses concur with these reported by Root (1972). Uarrison reports 


thae: 


(iv) 


Slopes greater than 30 degrees are rarely revegetated 
naturally and the downslope creep of surface material is 
rapid. 

Downslope creep is not sufficiently rapid to regrade steep 


slopes in an acceptable period of time. 


tot 


1Leh that run- 


"Infiltration on most spoil is sufficiently g 
off is available to form rills and gullies. The exception 
is where areas of drainage accumulation occur uphill from 
the spoil. Slope regrading by running water is therefore 


4 


notran! important: process,""..Sic; the: word "little" must. be 


“p 


if 


inserted between "that" and "run-off'' for the first 
sentence to read correctly. 
Softer rock types break down rapidly by physical weathering 


and mineralogical and chemical changes at the surface are 
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minimal. 

(v) “ ,.. Slope failures are intimately related to moisture 

usually in the form of water ponded uphill". 

Geochemical and sediment samples were also collected but analyses 
have not. been published. 

Currie (1969) investigated the hydrogeological conditions of the 
Tri-Creeks Basin about three miles northeast of the study area. He 
found a plant association of lodgepole pine, broom grass, and bearberry 
to be indicative of natural groundwater recharge conditions. 

Jacoby (1969) compared the revegetation of coal spoil banks of 
various ages after modifying the local microclimate with jute netting, 
snowfences and mulch, but he did not actually measure the microclimate. 
This work was conducted near Kemmer, Wyoming, and the results may have 
application in the Alberta Foothills. 

thirgood (197) refers’to disturbed land revegetation and pedol- 
ogic conditions in the Rocky Mountains of British Columbia, but did not 
discuss microclimate, 

During the summer of 1972 Dillon (pers. comm.) studied seed ger- 
mination and the associated microclimatic conditions for twce small, 
isolated plots on the spoil piles at the present minesite at Luscar (11.2 
km north of the study area) and one abandoned spoil pile adjacent to, 
and east of the present minesite at Luscar. Half of the area of the two 
plots at the operating minesite were compacted with a bulldozer and the 
other half was left uncompacted. A variety of seeds (mainly grasses), 
an adhesive and a fibrous mulch were applied with a hydroseeder to each 
of the three plots. Dillon made detailed observations on the germin- 


ation and growth of the seeds and measured incoming solar radiation, 
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wind speed, temperature and humidity at 30 cm above the ground surface, 
surface temperature and soil temperatures at 1 and 5 cm below the 
surface and used sequential infrared (Ectachrome) photography to deter- 
mine the moisture stress of individual plants. He concluded that the 
plant grewth was limited to small depressions, that optimal growth of 
the plants was limited by lack of moisture, and that plant growth was 
better on compacted spoil material than on non-ccompacted spoil material. 
He attributed the lack of moisture to relatively low precipitation and 
high evapotranspiration promoted by persistent high winds over the study 
area. Dillon calculated potential evapotranspiration for the Luscar 
sites and this will be compared with the values for the Cadomin study 
area in Chapter IV. 

Krause (1969) pointed out the need for reclamation procedures to 
match the local climate and topographic conditions. He observed that 
"what the land produced before Mminings LSva.%..., f00d, indicator of, what 
it can produce after mining" (p. 24). He listed topography, erosion, 
moisture, aeration, and toxicity as key factors in reclamation. He made 
ne mention of microclimate and only passing mention of geologic condit- 
ions. 

Donald (1969), discussing Kaiser Resources reclamation program for 
the Crowsnest area of British Columbia, states that "Studies have shown 
that spoil provides a better growing Eeaann ifiedis Lett weere it falls; 
without compaction and with a minimum of contouring and reshaping" (p. 
32). This contradicts the findings of Dillon (1972) and shows the sig- 
nificance of local climatic conditions. Prevention of eroSion by runoff 
on spoil will enhance the infiltration and percolation of moisture 


whereas in the Alberta Foothills runoff over spoil is rare (Dillon, 1972, 
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pers. comm.: Harrison, 1972). 

Berkowitz (1969), discussing surface mining in the Alberta Foot- 
hills, states that "At high elevations, where natural plant cover is 
either absent or scanty and stunted by climate and a rocky (almost soil- 

less) substrate, reclamation in the commonly accepted sense is clearly 
impossible" (p. 42). 

To accomplish the objectives stated at the beginning of this 
chapter the study area was instrumented and surveyed as follows. Five 
microclimatic stations were established in the study area as soon as 
instruments became available in early June 1972. Continuous records of 
air temperature and humidity, and periodic records of soil temperature, 
surface temperature, air temperature profiles, and precipitation were 
maintained until September 1972. A topographic survey of the minesite 
was made using a Higne+cabie end the vegetation abundance and type were 
mapped. Samples were taken of surface runoff above the minesite, lake 
water and spring discharge within the minesite and spring discharge 
below the minesite for chemical analysis. Samples of spoil and wind- 

blown material were also taken. A snow survey was made over the study 


area in March and May of 1972 and January of 1973. 
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CHAPTER II 
GEOLOGY 
General statement 
This chapter will describe the geological formation from which the 
coal was derived and the geomorphic processes which account for the 
present surface of the mWinesite. 
All coal extracted from the study area came from the upper beds of 
the Luscar Formation. This formation was named by MacKay in 1929 and 


described on the map legend as "shale, sandstone and coal" (Figure 2.1). 


"soft grey sandstone and dark 


In 1930 the formation was described as 

grey shale with commercial coal beds in the upper part" (MacKay, 1930). 
The Luscar Formation is underlain by a resistant chert and quartz- 

pebble conglomerate called the Cadomin Formation and overlain by a 
coarse green sandstone and green shale with lenses of pebble conglomer- 
ate called the Mountain Park Formation (Mellon, 1966). Ali three 
formations are lower Cretaceous in age. The three formations are 
exposed in a railway cut close to the study area and this cut was 
described in detail by Mellon (1966); the following section follows 
Mellon closely. 

The Cadomin Formation consists of well-rounded white, pink, grey 
and black quartzite, chert and silicious argiliite pebbles up to 15 cm 
in diameter in a grey, silica-cemented pancatope matrix. The unit is 
thin (lO. fem) ad Pace pebbles are found in the upper 3m. (Mellon 
would include this formation as the basal member of the Luscar Format- 
ion). The lower succession of the immediately overlying Luscar Format- 
ion consists of dark grey silty shale, laminated siltstone and thin- 


bedded, fine-grained, dark grey sandstone with scattered coal seams 
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Mountain Park Formation: Geological boundary — ————— 
sandstone, conglomerate Fault wn 
and shale Age vet inal “asciis — 

Luscar Formation: shale, Synclinal axis = 
sandstone and coal : Overturned strata Ries 2 ee 

Cadomin Conglomerate | 3 | 

Coal seam wz Railway oe 

Greek, river i. ae 


Figure 2.1. Bedrock geology of the study area (after B. R. MacKay, 
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Figure 2.2. Cross-section through the study area. Drawn from 
map by MacKay (1929). 
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30 - 60 cm thick. The lower Luscar beds are mainly dark grey fine- 
grained sandstone and laminated siltstone intervals up to 7.6 m thick 
which are separated by black, silty shale and shaly coal beds from 0.3 
- 1.5 m thick. These sandstones are tough, fine-grained silicious oe 
composed of quartz, chert, silicious rock fragments and carbonates. 
Above these lower Luscar beds a bed of marine dark-grey, non-silty shale 
with scattered thin ironstone nodules or beds are found. This bed is 
overlain by the upper Luscar beds which consist of two, thick, grey sand- 
stone beds which sandwich the 8.4 m thick coal seam (the Jewel seam) 
which was mined in the study area. The sandstones hee and below the 
Jewel seam are grey, medium-grained, cross-bedded and relatively homo- 
genous units. The lower sandstone contains small amounts of feldspars 
and volcanic rock fragments and the upper sandstone contains abundant 
amounts. Kaolinite and quartz are the dominant cements in both sand- 
stones. The upper Luscar beds grade into the overlying Mountain Park 
Formation which ee of silty and shaly strata with fine-grained 
sandstone. The coal-bearing upper Luscar beds may be traced as far 
south as the Ram River and as far north as northeastern B.C. and thus, 
if coai is extracted from this formation elsewhere in this region 
geologic conditions similar to that of the study area wiil arise. 

The bedrock materials immediately adjacent to the coal seams are 
removed during the course of surface coal extraction and thus che spoil 
piles are comprised of these materials. The spoil piles consist of 


c 


large to fine, broken, angular fragments of grey, medium-grained, cross- 
bedded sandstone which contain various amounts of feldspar and volcanic 
rock fragments, shale, siltstone, conglomerate and coal. The approx- 


imate proportions are shown in Table 2.1 but it should be noted that 


the percentages vary considerably from spoil pile to spoil pile. 
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Table 2.1. Estimated percentages of bedrock types in spoil piles 


Bedrock type Proporeion “of spoil iit? 
Sandstone 00 SH75 
Shale and siltstone 30N="50 
Coal S110 
rae 4 - 10 
Conglomerate Dat OZ 


The attitude of the coal seam is shown in Figure 2.2. At the west 
end of the study area the coal seam is nearly vertical and is shown on 
MacKay's map as being overturned at 110 degrees (Plate 2.1). At the east 
end of the study area the coal seam formed an anticline (with the arch 
eroded) with the west limb repeated further upslope by a thrust fault. 
The mining process~consisted of diverting the twe creeks in the study 
area around the minesite, blasting the bedrock, removing the overburden 
and dumping it overslope and extracting the coal. The seams were nearly 
vertical and considerable bedrock had to be cut back to maintain stable 
highwalls and coal extraction was limited by the cost of cutting the 
bedrock walls back to stable conditions. Thus large spoil piles devel- 
oped downsiope from the main pit. 

Weathering 

Rapid weathering occurs at the surface of the minesite in the study 
area and this may be attributed to frost wedging, abrasion by wind-borne 
particles, swelling and shrinking of the clay cement on wetting 
and drying, solution of the carbonate, kaolinite and quartz cements of 


the sandstones and the release of overburden pressure after mining. In 
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places protected from the wind, angular piles of loose sand from the dis- 
integration or exfoliation weathering of boulders may be observed and 
where sandstone boulders are exposed in the steep slopes of spoil piles 
exfoliated loose sand streaks the spoil downslope from the boulders 
(Plates 2.6 - 2.9 and 2.11). A sandstone boulder at one location had a 
weathered rind of 100 mm and weathered rinds of 20 mm were common (Plate 
2.8). Since the boulder could have been exposed for only 20 - 40 years 
the thickness of weathered rind indicates a rapid rate of weathering. 

Spoil materials exposed to the atmosphere at the adjacent minesites 
at Luscar 11.2 km north of the study area have been observed to weather 
extremely rapidly (R. Green, pers. comm. 5 i. Ulillenm, pers. com.) 

Most of the spoil materials have disintegrated to angular, blocky 
fragments (Plates 2.3 - 2.5 and 2.9). The thin ironstone beds form al- 
most perfect cubes and the more competent shales and siltstones form 
flaky elongated, irregular diamond shapes (Plates 2.3 and 2.5) Conglom- 
erate bedrock and some tough sandstone remain unaltered in angular, 
blocky fragments. 

Coal fragments up to 60 cm in diameter may be found mixed in with 
the surface mate rials but most of the coal has weathered to weak, flaly 
clods. The surface of many of the exposed shale boulders have weathered 
to acicular and small, platy fragments which may be dislodged easily 
and collapse freely (Plate 2.4). 

The blocky shape of the disintegrated spoil materials indicates that 
physical weathering is primarily responsible (Ollier, 1969, p. 17) (Plat 
2.5). The cold, dry, climate and the short period of time elapsed since 
the materials were exposed to the atmosphere preclude significant 


chemical weathering. 


The insulating snow cover is removed from many places in the mine- 
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site by the high persistent winds and this results in more frost shat- 
tering and abrasion by wind-blown particles than in the control area which 
is sheltered from the wind by vegetation and retains fallen snow. The 
high winds that blow over the minesite remove the finely-comminuted 

rock material, the finest particles are uplifted and the larger particles 
moved by saltation or rolled along until they escape the wind in snow- 
drifts or in the vegetation at the east and south end of the minesite. A 
layer of wind-blown particles 7 - 20 cm thick was found covering a snow- 
bank in the east side of the scarp slope of a spoil pile in June (Plates - 
2.13 - 2.20) and many thinner layers were recorded in snowbanks during 
the snow surveys of March 1972 and January 1973. 


Mass-wastin 
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The downslope movement of rock particles under the influence of 
gravity but without the aid of any transportation medium are Limited to 
rockfalls, rockslides, debris falls, debris slides, and soil i talus 
creep (terminology of Sharpe, 1960). 

A rockfall is defined as the relatively free falling of a newly- 
detached segment of bedrock of any size from a cliff, steep slope, cave 
OF arene tsnarpe, 1960,\ip.7/8)v. Rockfaits! o¢etx, from thé *south walls sot 
the main pit and the upper pit (Figure 2.3). 

A rockslide is the downward and usually rapid movement of newly- 
detached segments of the bedrock sliding on bedding; joint or fault 
surfaces or any other plave of separation (Sharpe, 1960, p. 76). The 
distribution of rockslides is shown in Figure 2.3. 

A debris fall is the relatively free falling of predominantly un- 
consolidated earth or debris from:a vertical or overhanging cliff, cave 


or arch (Sharpe, 1960, p.-75). The distribution of debris falls is 
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Figure 2.4. Cross-section of typical spoil piles; (no exag- 
geration, arbitrery datum; see Bipure 2.3°for 
location). Scales in meters. 
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shown in Figure 2.3. 

A debris fall is defined as a rapid downward movement of predomin- 
antly unconsolidated and incoherent earth and debris in which the mass 
does not show backward rotation but slides or rolls forward (after 
Sharpe, 1960, p. 74). The distribution of debris slides is shown in 
Figure 2.3. 

Subsidence is defined as "movement in which there is no free side 
and surface material moves vertically downward with little no horizon- 
tal component" (Sharpe, 1960, p.88 ). Subsidence has occurred at the 
west end of the main pit. Here coal had been removed underground 
and collapse of the roof followed the removal of the supporting pillars 
of coal during the final stage of mining. The subsidence forms elong- 
ated, steep-sided conical pits up to 15 m deep and 30 m across and 
where subsidence has occurred immediately adjacent to the highwall the 
subsidence pits are half-cone shaped (Plate 2.1). 

Erosion and deposition by running water 

Gullies have developed in the minesite where streamflow previously 
diverted around the minesite has flowed across spoil material, at the 
overflow outlet of the upper lake, below various areas that have exten- 
sive snowdrift and below springs (Figure 2.3}. Gullies, once formed, 
tend to perpetuate themselves as the incised V-shape prevents snow 
removal by wind and the accumulation of snow releases a sustained flow 
on melting during the spring. The surface outlet for the upper lake is 
across a road which ponds the upper lake and although the lake is rarely 
high enough to use this outlet, a large gully has developed immediately 
below the outlet. The gullies themselves vary considerably in shape but 


are typically very steep sided and relatively short and broad which is 
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the characteristic shape for coarse-grained material. 

Significant material has been removed from these gullies by running 
water. The gully walls once erodedby flowing water will provide an 
abundant and continuing source of easily-transported material as the 
spoil exposed in the gully is weathered extremely rapidly. Considering 
that runeff is rare, that much of the snowfall is removed and signif- 
icant sndwbauks do not. accumulate, that mainfall @s recurrent, relativ- 
ely light and not very often intense, the gullies that exist in the 
minesite show that the spoil has a high potential for erosion. 

Erosion and deposition by wind 

The finely-comminuted material is removed from the flat and rounded 
westerly exposed surfaces of the spoil piles (Plate 2.12). These west- 
erly exposed surfaces have developed a deflation pavement of angular 
biocks that are too large to be disturbed by the wind (Figure 2.3 and 
Plates 11). 

Where large blocks are prominent pebble dunes have formed to the 
east of these blocks (i.e., in the lee of the block) (Figure 2.5 and 
Plate 2261). 

Figure 2.3 shows the distribution of wind-blown material removed 
from the minesite and its source within the minesite. 

A sample of wind-blown rock particles from the base of the spoil due 
west of control station 2 was taken (Sample A) and a sample of rock part- 
icles nee? were ee and blown inte the screen sheltering the weather 
instruments at minesite station 3 was collected (Sample B). A sample of 
wind-shifted material was taken from the pebble dune shown in Figure 2.5 
(Sample C). The size of most particles in the dune ranged from 1. to 2 


cm and one was measured at 4.5 cm. During the snow surveys cobbles of 























{eliaion bebtesm-setthos 1ot egaide wis 


guinnus yd woltiug seed) mast evans seed ond tal codon dove lag 22 : 
- 


née albictg tlie yaar gorwol) ydisters osm afiaw etleg. ait - aw 
of) Se l'uieadean hovreqsmunts -vibeas Sa sotnes gohuaiaete baw jnsbauds. _ 
: _ 
gaivebinne) «vy! Siqny viaweades bersiliaee 4: vilug of9 al Bagiigxoe llega 7 
( . a. 
-jtinie baw hovigneo al Lialwone sty 10 (oem ‘yal? e627 22 Yherut Jar2 ey 
-“Yideia?. , NO TRY Wt Bt (fiche sul .“trlunvesw aan ob zlvedwona josol _ 
a 
sd’ ni ieise and ealiteg of) ,ganuiat catto -visv gen Geb adatl le) 
wataove wo? felopatoe. (ei w esd icga ots Gadd wi sateen 
bat wal ope tyeaneele None -giey monet 
mr bie. “lel? of? Gor? Baviwot at Mii yor in be Suir el mak? sctT 
‘eg b gf P (Sint abel) eal ey lioge wiht. dy seoeTeoa baenqes vitsitesy an 
Téivwanes 4 LHUSNGVE@ nos 761 TO vjploveb svat wectisaa begogqxs vise 


bas E.S sxoyi) Lote ode vid bodugaet® od of cove! oo eue-Gecds e=oade 


441.2 stale 


=i 


303 Go hawt ot seauh ofddeq jastinol3g ots edoaké eyuel o1snW 
bau (oS rT) S4sold ail to se@F eas af 4. @ulp atsokd eee) io Jane 
— i.S staid 
bavowmery lci'trosen oevwid-linia sis heute ebiicadt -pwoda €,€ aeugltf : 
| webneintan pil baler ssinet #0 Bee oldfeania od3 082 


ay> Liogn ony bi). eed Scifi. mor) aciat Jung deo) woid-boiw 4o elqese A a 

Tay toe Se shee = fa abbey wali «aie etna liaitacs' dl bah aad 

_ 8 Pr ee te i-th aad i prow cow fincis ested 
7 ; : = A a > pee 


rein resins oe 





CMES Beers vv. 


ilies ige 
LE As Cg Of 
Z e Sas ay! AE 
SOI PEAY gle Si | 
t argerge Ve —< a\ 
Ks SS 3 Aa x \. 
=619) 


23 





Le PEE [FE Lom \ oh 4 Me ae 
OF CRESS 
a a * oA 3 5 We OA Ava ee ee Ke 


Ty ae Ae te 








| fiers a" ——i— 
ee eae 


CM 


ALJS=O85 


Figure 2.5. Cross-section and plan view of deflation pebble 
pavement (upper two figures) and cross-section 
and plan view of pebbie dune (lower two figures). 
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coal up to 6 cm long were observed on top of the snow in places where 
it was not possible for the cobbles to roll to. 

Bagnold (1954, p. 101) gives an equation that relates the velocity 
gradient Vy, which must be attained by air before it can move any sur- 
face grains over a rough surface. 

Veg c Fe ed 
where 


A is a coefficient equal to 0.1 


o = density in gm em73 of rock particle 

p = density of air in em a Ae Ue Tie 

g = acceleration due to gravity in cm Beco 

d = diameter of grains in em (motyless than 0.02 cm) 


‘ ; ; aul A 
promethie the threshold velocity V; in cm sec at any height Zz above 
the surface is given by" 


V_ =U5075ta./ &. 20ngmedn log 
t aap ace 


where 
k = surface roughness (defined as 1/30 of the diameter of surface 
boulders and other symbols as above) 
Figure 2.6 gives the grain size, lithology and bulk density 


us 


of the particles and the calculated threshold wind velocity required 

to initiate movement of that particle over the ground surface (roughness 
(k) = 1 cm). From Figure 2.6 and the range of sizes of particles sampled 
in the minesite it is possible to estimate the maximum wind speeds at 1.3 
m above the ground surface that occur in the minesite. Sample C shows 


the maximum wind velocity to be 160 kph but this represents air stream- 


ing around the boulder in front of the dune te which the large pebbles 
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Figure 2.6. Threshold velocity of wind at 1.3 m above ground surface for 


sandstone (bulk density, 2.32 gm em73) (dot), shale (bulk 
density, 2.20 gm cm™?) (triangle) and coal (density 0.97 em 
em™?) (square) particles, and particle grain size; grain- 
size range of samples:A, B and G collected in the minesite. 


were moved and is not representative of open flat areas in the minesite 
although it does correspond well with reported maximum winds in the area 
(160 kph; Edmonton Journal, 1973). Sample A is more representative and 
gives values of 130 kph as maximum. The mean grain size for Sample A 
(Plate 2.19) and the maximum grain size of Sample B is about 1 cm. This 
eives average values cf wind speed of about 65 kph. (Winds of this 
velocity were experienced during snow surveys in March 1972 and 

Tamra rey L923 )y. 


in View Oil sifZee0f pattioles transported in theminesite the 
P k 


4 } Fae ou 
Oy Ba \ a ohare ot amine: ge ay ~ Sy en 
tees G OGHOAEs  cryrne 8 es 





’ 


baa wv be) 


7) 


A siqnme 1m? 


MAM. ohaih 


ne 


as 


{i cB ae 


- vobet hi etn @) YM in 
Oke 


~~ 


“sflig’ hd oe 


‘a a 


ai 


eat 


ih 


7 
(ove wists cemlenm w 
: ? oy 


> ts I 
: 
Bb Dw 


wiie 


at 


'@ 


hi im * OFT 


nm 


1e 


ee bine. ¢ n 


we Vo , a 
are ee 
—_ 


at 


* 
® 
, 
8 
., 
‘ 
' 
* ‘ 


43u 4 


“”D 


a 
Ml 


rp 


wr 


4 
J 

i. s 
ie gu 
poet 
——— po 
: ei 

~ 
==) 
»4 


= 





27 





Plate 2.1. View looking east over main pit. Imverted 
conical subsidence pits in foreground. 
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Plate 2.2. View looking north over the spoil piles of 
the main pit. Immediate foreground shows pebble deflat- 
ion pavement and Engelmann spruce (Picea engelmammii) 
that has been damaged by wind-blown particles of snow 
and rock. Flagged and krumholtz trees are also present 
in the center right. In the center ground four gmllies 
are present. The treeline of the horizon is maimttained 
by moisture deficiency caused by removal of snowfall by 
persistent winter winds from the west. 
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Plate 2.3. Weathering of a block of shale capped with 
an ironstone bed. The shale breaks down to flaky, an- 
gular diamond or rectangular shapes whereas the ironstone 
weathers to near cubes. Hammer handle is 17.5 cm long. 





Plate 2.4. Flaky, angular disintegration of laminated 
silty sandstone. Hammer is 30 cm long. 
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Plate 2.5. Blocky disintegration of remnant ironstone 
bed on top of weakly kaolinite-cemented sandstone. 





Plate 2.6. Exfoliation weathering of kaolinite-cemented 
sandstone and extension of debris downslope. 
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Plate 2.7. Exfoliation weathering of surface exposure of 
large boulder of kaolinite-cemented sandstone and exten-: 
sion of debris downslope... Hammer handle points downslope. 





Plate 2.8. Exfoliation weathering of kaolinite-cemented 
sandstone; weathered rind was about 5 cm thick. 
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Plate 2.9. Angular disintegration of flat sandstone cob- 
ble on horizontal surface of spoil. Individual sections 
have been moved apart by frost-wedging and needle-ice. A 
pebble deflation pavement surrounds the broken cobble. 





Plate 2.10. Downslope movement of frost-shattered light- 
toned sandstone. 
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Plate 2.11. Deflation hollow under a boulder of quartz- 
cemented sandstone. Wind-shifted material directly 
behind the boulder has pebbles up to 4 cm in diameter. 
Note also the surrounding pebble deflation pavement. 





Plate 2.12. Wind-blown rock particles deposited on 
sandstone boulder at east end of minesite. 
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Plate 2.13. Snowbank on north side of spoil below mine- 
site on June 1, 1972. 





Plate 2.14. Snowbank on north side of spoil below mine- 
site on June 1, 1972. Bare spoil is visible in upper 
left; foreground shows snow with thin mantle of rock 
particles; lower right shows thick "niv-aeolian" mantle 
(terminology after Hamelin and Cook, 1967). 
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Plate 2.16. Thick (7 - 20 cm) mantle of rock particles 
over snowbank shown in Plate 2.13. The large pebble at 
right center is 5 cm long and is sandstone of 2.32 gm 
cm73 bulk density. It would require a wind velocity of 
140 kph to initiate movement. 
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Plate. 2.17. Insulation provided by the thick mantle of 
rock particles inhibits snowmelt and leads to this inter- 
esting kettle-type topography. Snow still underlies the 
mantle and reflects the surface topography. The white, 
straight stick is 1 m long. The adjacent lodgepole pine 
(Pinus contorta var. latifolia) have been killed, blown 
down and buried beneath the wind-blown rock debris. 





Plate 2.18. "Kettles" in rock particle-covered snow- 
bank shown in Plate 2.13. Scale is 1 m long. 
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Plate 2.19. Wind-blown rock particles at the base of 
snowbank-covered spoil on north side of minesite. 
Pebbles are mainly shale, coal and sandstone. 
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Plate 2.20. Soil pit excavated at control station 2 on 
north side of the minesite. The profile shows 6 - 10 cm 
of wind-blown rock particles over 5 - 10 cm of buried 
organic horizons (Ah) over 25 cm of disturbed sandy loam 
with few large pebbles and cobbles (Bm) over weathered 
sandstone bedrock (C). 
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values obtained using Bagnold's equation give reasonable results and 

indicate the occurrence of extremely high winds in the minesite during 

the winter. The pebble deflation pavement characteristic of the mihe- 

site and rhe pebble dunes in the lee of boulders are thus reasonable 

results of the winter wind in the minesite. The effects of these winds 

on moisture supply and vegetation will be discussed in chapters IV and V. 

Summary 

(1) The Luscar Formation, from which the coal mined at Cadomin came, 
extends from Nordegg in the central Alberta Foothills to north- 
eastern British Columbia and as the formation has similar lith- 
ologic character throughout its length the conditions at the 
Cadomin minesite are typical of geologic conditions that would 
arise from the extraction of coal, from this formation. 

(2) The spoil materials are composed of various proportions of coarse, 
angular sandstone, shale, siltstone, coal and conglomerate. 


t 


(3) The spoil materials at the surface weather extremely rapidly by 
physical processes. 

(4) Little evidence of chemical weathering was noted. 

(5) Slopes of spoii piles are stable and are reduced only by the down- 
slope movement of fine-grained rock waste. 

(6) Talus creep and frost creep are the dominant mass-wasting processes. 

(7) .Erosion by running water is minor. 

(8) Erosion and deposition by wind is significant and results in a 
deflation pavement of angular, coarse material at the surface of 
the minesite. The coarse grain size of samples of wind-blown 
material taken in the minesite indicate extremely high winds occur 


in the minesite. during winter. 






a} a 
as ; : 
7 


fa 



















g 


| VW . 
r é est, 7 7 oF ; 
: ay ae 
Fy 
hin salveey eldeasetos ovig moithops a’ Sinaged antag vonitatde eoulav : 


i” : rn 
yiliuh stizonin odo mt ehatw dgkd ylatessee Ja eogersnases ads einolbet © 
; ‘i A « ‘e 


2 
: 


= 


—- 
| 


-enim alt to 2iteryvetoe eds Joeneveq soltonlish siddeq eff 7aeanaw ang 
isnoene? gudd o75 exshluad to ssf end ot estnh siddeg or] bus sata 


eboiw soods Yo eiystle sit. .aaleanim afd of batw vaIniw end Te esivees 


yi in al beter bh of iftw noltesogov tea ylaqus a307 a. 0m io : - 
» 4 Rae 
‘i (oldu cont .gotjzemyo) tegmal edt (2) 
ig nhiA Laiipes! gala weak wh wal, @lewixe 
| dani ijivi wesdene 
vr “1 I quot un soe tmdé olgalo F 


) | anivd ote in «heed 
i f65% /%o e572 nities ent wos valas aa a 
j $ Hanami. Ite wouigias Ltoqe oat - (8) 
‘ie ,»lude ,ofageheen aeiguns 

to tou $5, ix as e¢lalysten itoqe, aft (ey 

A Hees OT, Lavy t wogeley 
‘Jon 25~ Que cijege igoimels Jog Aaive ol Fahl | <a) _ 
prot. <i] ae rthes San iy Aidage Bee eel Ly, btn a0 evgole (@) 

P OTM, ain. Da erga att do Spay ogee 


— 
~ 


Benrse-o!'; ~ui ) civ eam aur iam 2249 Sz queens eon). lame ‘eeso ggbel (a) a! 


: 7 - 7 . 
; ‘ me 9 Werkw m a poi der : 
ei) ot 28M, SNUCarE eeOORMNER ot) 


jek: 24) at ing jubali tend tiie cd xe: 
bd Te 3 ~ fe & ve / 7 ? aint ra en S peentie a 
= cn eee rat hs 








7 - 


CHAPTER IIL 


SURFACE DRAINAGE AND GROUNDWATER 


The storage, movement and chemical quality of surface and sub- 
surface water within the study area will be discussed, 
Surface water 

Figure 3.1 shows the lakes, drainage and groundwater flow direction 
and gives the locations of water samples taken in the study eee 

Two creeks flow into the study area from the mountainside on the 
south side. Both creeks were diverted during the mining operations to 
circumvent the minesite by ditching (east creek) and artificia 
channelling (west creek). The ditching has remained relatively stable 
and the east creek is still contained by the ditch. The artificial 
channelling has collapsed and the west creek flows into the minesite 
through spoil material and over the highwall into the lake in the main 
pit. Snowpack is the principal source of water for the creeks and flow 
in both creeks is minor (3 liters /sec) after the disappearance of the 
snowpack. As a result of the low flow little erosion by the creeks has 
occurred since the minesite was abandoned. 

Surface water is ponded in two pits within fhe minesi te, er he 
upper lake is shallow and has a surface area of approximately 5.12 x 


10° sq. m. The lower lake is ponded in the main pit, is of unknown 


id 


cepth and has a surface area of approximately 8.46 x 102 Sq. mt. » ihe 

lakes are maintained by direct precipitation and groundwater discharge. 
The main lake supplies water to a large spring. (discharge at end of 

sumer of 1972 approximately 50 liters/sec) below the minesite (Figure 


3.1, spring No. 5) and to numerous adjacent smaller springs discharging 
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Figure 3.1. Surface water, drainage, groundwater movement and discharge, and locations of samples taken for 
eect rites = chemical analysis. ies 











. . 
nvost Apel, | 
nuqrare<-eg Asia 
; | gbery Sgz= 6 
= > Ay 2°6RRSS ERT Fy 
i ‘asa tem 
Ps J ; por user. sah oe 


! ; a <a : Ge 7 . —- . > ~. \ : My oh ae Pa 7 7 





/ 


| | am (> a ea) 

a \. prkseereo, sie Seam 
s -_ — _—? 7 _ _ 
y . 


nN s. a ; } Me 
a ; : Vic yErcesyT cieneae a 


-ir> 


oo 


at the base of the spoil. The upper lake is .rained by subsurface flow 
through spoil material and, at high stage only, by an outlet channel. 

-Runoff from the spoil itself and from land disturbed by mining is 
rare and was opserved only briefly after a light snowfall, followed by 
freezing and rapid surface melt. Rainfall on June 24th and 25th 
amounted to 5.3 cm but no runoff was observed although the spoil had 
been moistened by a rainfall of 3.8 cm on June 21st and 22nd. The mine- 
site has developed few gullies or incised drainage channels since it 
was abandoned in 1952 (Figure 2.3) and, as long gentle slopes and short 
steep slopes are abundant and the spoil is easily eroded, overland 
runoff must be rare. 
Infiltration and soil temperature profiles 

The term infiltration is used here to describe the pe ceeeeenereby 
water soaks into, or is absorbed by, the soil (Horton, 1933). As runoff 
is rare in, the minesite the infiltration capacity of the Tsp fone. s 
the maximum rate at which water can be absorbed by a soil in a given 
condition) is seldom exceeded. The infiltration capacity of a soil 
determines not only how much water enters into the scil to be moved 
downward by percolation into groundwater but also the amount of soil 
moisture moved upward to the atmosphere by evaporation and transpiration 
(Ward, 1967). The spoil is angular, coarse material with many large 
interstices so that the infiltration capacity is high and water will 
infiltrate rapidly. Water, water vapour, and air are the principal 
media by which heat is transported into or out of the soil and hence 
soil temperature profiles measured prior to and after a cold rainfall 
provide an indication of the rate of infiltration. Figure 3.2 shows 


the air temperature, rainfall amount and duration, and soil temperatures 
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Figure 3.2. Rainfall amount and duration (shaded area); air 
temperature at control station 1 (full line) and 
minesite station 3 (dashed line); soil temperatures 
ateone Sumbace; .o cm .and /J.cm depth for control 
station 1 (full line and dot) and minesite station 

3 (full line and square). Open dots and squares 


are estimated) values. 


at the surface, 5 cm, and 75 cm depth for control. station 1 and minesite 
station 3 for 0000 hours on June 16th to 2400 hours on June 19th. 

The soil temperature profile at the control station shows a iG Gadace- 
erence between the surface temperature and the temperature at 75 cm 
prior to the June 16th rainfall; in contrast, the minesite station shows 


a temperature difference of 9°C between the surface and 75 cm. Between 
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1200 hours on June 16th and 1200 hours on June 17th soil temperatures 
were depressed due to the infiltration of cold water from rainfall. 

The surface and 5 cm soil temperatures for both stations show ities 
temperature depressions but the temperature at 75 cm at the minesite 
station shows a depression of 2°C, whereas the temperature at 75 cm at 
control station 1.shows an increase of 2°C for the same period. .Thus, 
as the sail is cooled by the infiltration of cold water and as the soil 
temperature at control station 1 at 75 cm actually increased the rate 
of percolation must be more rapid at the minesite station than at the 
control station. 

After the June 18th rainfall surface soil temperatures increased 
at both stations. At 1200 hours on June 19th the surface temperature 
at the minesite station was lower at the control station and probably 
resulted from greater evaporation at the surface. The 5 cm soil temp- 
eratures show that the top 5’ centimeters of the soil in the minesite 
warmed more rapidly than the top 5 centimeters of the soil in the control 
area. Considerably more heat is required to warm water-saturated soil 
than dry soil so that the more rapid increase of soil temperature at the 
5 cm depth in the minesite indicates that more moisture had moved away 
from the. surface layer of the soil in the minesite than in the control 
area. The soil temperature for the minesite station at 75 cm after 1200 
hours on June 18th warmed more slowly than the 5 cm scil temperature 
and probably eee the influx of cold water from the upper layers of 
soil. Thus water is lost more rapidiy by evaporation and percolation 
from the surface layers of soil in the minesite than in the control area. 

Soil temperature measurements made throughout June to August indicate 


that the soil temperature gradient is much less pronounced in the mine- 
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site than in the control area, that soil tempcratures are generally 
higher in the minesite and that the spoil materials in the minesite 
respond much more rapidly to the influx of heat or cold than the control 
area (Figure 3.3). In the control area the thin mantle of organic-rich 
soil that covers the weathered bedrock retards the infiltration of 
water and thus retards the inflow of heat and cold; however the water is 
retained close to the surface once it has infiltrated and the organic- 
rich soil inhibits moisture loss by evaporation. In the minesite 
infiltration of water and thus the inflow of heat and coid is rapid, 
percolation is rapid and there is no organic-rich soil to retard evap- 
oration. The rapid fluctuations in spoil temperatures compared to the 
control area, the lack of runoff and the coarse, angular spoil material 
indicate that the spoil materials are highly permeable and ailow the 
rapid inflow and outflow of water, water vapour and air. Consequently 
the spoil materials have little capacity to retain moisture close to 

the soil surface. 


Groundwater 


Numerous springs and seeps occur in the study area. The large 
spring below the minesite discharges year round and feeds the creek lead- 


ing away from the study area (Figure 3.1). The smaller springs are 


o2 


dependant on the flow of water from the east and west creeks and from 
direct precipitation. 

Chemical analysis of water samples 

To determine the changes that occur when water passes through 


spoil material, samples of water were taken from the east creek above 


the minesite and from the upper lake. These samples were considered to 
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be control samples representative of runoff in the undisturbed area 
surrounding the minesite. Samples were taken from the main lake, from 
a small spring issuing from the base of a small spoil adjacent to the 
east creek, and from a large spring which drains the main lake via bed- 
rock and an abandoned mine shaft. These samples were considered rep- 
resentative of water that had passed through spoil materials. The 
samples were taken in June after snowmelt and the major runoff. 

An analysis of the samples shows that there is little difference 
in chemical and physical properties of the samples. Total dissolved 
solids, total calcium carbonate hardness, total calcium carbonate 
alkalinity, pH and chemical constituents cf the water change little after 
passing through spoil material. All the samples were pure enough to 
conform to drinking water standards used in Alberta. Table 3.1 gives 
the analysis of each water sample. The data are shown in Figure 3.4 
plotted as Stiff diagrams ond in Figure 3.5 as a Piper's diagram. 

The Stiff diagrams show that as water flows through spoil it picks 
up sodium, potassium and bicarbonate ions. No noticable increase in 
iron, chioride or carbonate ions is apparent. A slight increase in the 
sulphate ion and a slight increase in the magnesium ion is indicated. 

Piper's diagram indicates that for all water samples collected 
alkaline earths exceed alkalies, weak acids exceed strong acids and 
carbonate hardness exceeds 50 percent so that the chemical properties of 
the groundwater are dominated by alkaline earths and weak acids. 

Unfortunately there are no comparable data measured for other mine- 
sites in| the Alberta Foothills GR. Green, pers. comm., 1972) so that it 
is not possible to determine whether the analyses shown are represent- 


ative of groundwater quality conditions that would arise immediately 
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EQUIVALENTS PER MILLION 
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EQUIVALENTS PER MILLION 


Figure 3.4. Stiff diagrams of water sampled above, within and 
below the minesite. Note: equivalents per million 
{epm) is calculated by dividing parts per million 
(ppm) by the equivalent weight of the ion under 
consideration (Walton, 1970, p. 440). (Sample 1, 
upper lake; Sample 2, upper east creek; Sample 3, 
upper east spring; Sample 4, main lake; Sample 5, 
large spring below minesite; Sample 5A, large 
spring below minesite). 
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Figure 3.5. 





























PERCENL OF TOTAL EQUIVALENTS PER MILLION 
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Piper's diagram of chemical constituents of water samples taken above, 


within and below the minesite. 
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after mining or whether the results represent higher quality water after 
the flushing out of reactive minerals over the 20 year period since the 
mine was abandoned. Therefore the data are presented here as being 
representative of groundwater conditions after a relatively short period 
(20 years). 

Table 3.2 gives the horizontal and vertical distance that water 


flows through the spoil. 


Table 3.2. Sample location, horizontal and vertical distances that 
water flows through spoil material 


Horizontal distance Vertical distance Distance 
through spoil (m) through spoil (m) (Resultant) 

East spring to 
upper spring 96 12 ay. 
East creek to 
main lake 220 rl 2k 
Main lake to 
lower spring 274. 25 2J7 
Upper lake to 
main lake 274 ee 288 


It is well established that the longer water stays in contact with 
rock Pee cere underground the greater the changes that will occur in its 
chemical quality. Chebotarev (1955, p. 210) states that "The duration 
of time of the contact of water with the geological formation in the 
subsurface reservoirs and the continuity of the movement of water are 
important factors influencing the chemical change of subterranean 
waters", The lack of substantial chemical changes indicates that the 


water is not in contact with the spoil materials for very long. It has 
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been shown that the infiltration into the spoil is rapid; the chemical 
data suggest that groundwater flow is rapid and that the spoil material 
is highly permeable and only slightly reactive with the water moving 
through it. These conclusions are supported by the observed abrupt 
commencement and termination of the smaller spring discharges after 
precipitation, the absence of runoff, the coarse texture of the spoil, 
the rapid fluctuation and uniform gradient of spoil temperatures and 
the absence of widespread slump and flow landforms. The spoil transmits 
water rapidly and little is retained in the spoil itself. 


Summary 





Spoil materials are highly permeable and allow the rapid inflow 
and outflow of water, water vapour and air and consequently the rapid 
inflow and outflow of heat. Water infiltrates and moves through the 
spoil material rapidly and little is stored within the spoil itself. 
Spoil materials have little Eee to retain moisture close to the soil 
surface. The chemical and physical quality of water passing through 


the spoil material is not significantly changed. 
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CHAPTER IV 


CLIMATE AND MICROCLIMATE 


The instrumentation of the study area and the climatic records made 
at the study area will be discussed and the records taken compared with 
ether permanent climatic stations. The microclimate of the minesite 
will then be compared with the microclimate of the control area. 
Terminology 

Microclimatic stations within the control area are called control 
Station 1 and control station 2, and are abbreviated to Cl and C2 in 
the tables. Microclimatic stations within the minesite are called mine- 
site stations 2, 3, and 5 and are abbreviated to S2, 83, and S5 in the 
tables. All figures quoted will be in the metric system, for example, 
degrees centigrade (°C) and millimeters (mm) of rainfall or snowfall. 
instrumentation 

Figure 4.1 shows the instrumentation installed in the study area 
and Table 4.1 gives the record and site conditions of the microclimatic 
stations. 

Installation, calibration and reliability of instruments 

Stevenson screens were installed at all stations at the standard 
height of 1.3 m facing north. Lambrecht recording hygrothermographs 
were calibrated against a precise mereury thermometer (Fisher), a Thermo 
Electric Minimite II potentiometer and copper-constantan thermocouple, a 
maximum and minimum thermometer and a sling psychrometer.and were install- 
ed in the Stevenson screens. The hygrothermographs were allowed 
one week of operation during which they were recalibrated twice daily. 


Precipitation guages were installed at each station. 
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Soil temperature probes were installed at all stations to measure 
temperatures at 5, 20, 50 and 75 cm below the soil surface via copper- 
constantan thermocouples and a Minimite II potentiometer. The soil 
temperature probes were allowed one week to become adjusted before 
records were considered reliable. Thermccouples were installed to 
measure air temperatures at 5, 20, 50 and 100 cm above the soil surface 
at control station 1 and minesite station 3. Each of the thermocouples 
installed had been checked against a mercury thermometer in an ice-bath 
and at air temperature and were considered reliable. 

The instruments were checked against a mercury thermometer and a 
sling psychrometer during each visit to the microclimatic stations and 


with the exception of the hair hygrograph little recalibration was 


necessary. The records kept are considered to be accurate within + 1°C 
and within + 10% relative humidity. 
Comparison of temperature. and precipitation data with permanent climat- 


oe 





ological stations operated by the Alberta Forestry Servi 
Figure 4.2 shows the permanent recording climatological stations 


closest to the study area. 
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Figure 4.2. Permanent recording weather stations (dots) 
closest to the study area. 
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Table 4.2 8ives the mean monthly, mean monthly maximum and mean 
monthly minimum temperatures foe each of these stations and for control 
station 1 and minesite station 3 in the study area for the summer of 
1972. The study area is at a higher elevation than the permanent 
weather stations which accounts for the lower temperatures recorded at 
the study area. Each mean monthly temperature of the permanent weather 
stations may be adjusted approximately for elevation difference by 

ee aes (Eo - E 
where Th = permanent weather station equivalent monthly temperature at 

elevation of study area in =e 

Tp = permanent weather station monthly temperature in c 

Ea= elevation of study area in meters 

Ep = elevation of permanent weather station in meters 

A = average lapse rate of air 6.0°C/10° meters 
Table 4.2 shows the adjusted temperatures in parentheses and the adjusted 
mean monthly temperatures are shown in Figure 4.3. 

The adjusted mean maximum monthly temperature provides the most 
useful data for comparison of permanent weather stations with the study 
area and Table 4.2 shows that the values recorded at the study area are 
similar to the weather station values. 

Table 4.3 and Figure 4.3 show the precipitation for the permanent 
weather stations and control station 1 and minesite station 3 for June 
to September 1972. Generally the study area received more rainfall in 
June and July and less rainfall in August than the permanent weather 
stations. Table 4.4 and Figure 4.3 show that the average precipitation 
for Entrance (7 years), Robb (5 years) and Yellowhead Lookout (8 years) 


and control station 1 and minesite station 3 for June to August 1972. 
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Table 4.3. Precipitation for permanent weather stations. Precipitation 
for control station 1 and minesite station 3 for June to 
September 1972 (mm). 


Station June 72 Jolye72 Aug. 72 SeptA V2. Total 
Entrance 104.5 76.8 Tee 102-0 
Robb 109.2 50.0 51.8 125.6 
Yellowhead OARS OO .2 3426 64.3% 

Gl Ae Ry cre? eal 41.4 - 

Se L638 Vil gee 35.9 - 


* Period between September 1 to 19. 


Table 4.4. Long-term average precipitation for Entrance, Robb and 
Yellowhead Lookout and long-term average temperature for 
Entrance. Precipitation at control station 1 and mine- 
site station 3. 
Precipitation (in mm) 
Period of jrecord 


Station June July August Sept. in years 

Entrance 48.3 12 Gai. “raz 7 

Robb eal Ae 91.4 LOGE! aS 8) 5 

Yellowhead 86.4 91.4 104.1 68.6 8 
Lookout 

GE sa em S3yL i. a - - 

$3 »HLLGss. diet 38.9 - - 


Temperature (in °C) 
Entrance 12.40 ee: Lee 9.6 1931 - 1960 


C7 ie Gi Gian (9 abe eis Wa) 
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Figure 4.3. 
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JUNE JULY AUGUST SEPTEMBER 


Mean monthly temperature (upper diagram) for control station 
1 (diamond) and minesite station 3 (square), the adjusted 
mean monthly temperature at Entrance (inverted triangle), 
Robb (dot)? and Yeilowhead Lookout (triangle); average monthly 
temperature during 1930 - 1961 at Entrance (full line, no 
symbol): 1972 summer precipitation for Entrance (column 1), 
Robb (column 2), Yellowhead Lookout (column 3), control 
station 1 (column 4) and minesite station 3 (column 5); 
long-term precipitation for Entrance, Robb and Yellowhead 
Lookout (dashed line). 


MEAN AIR TEMPERATURE (°C) 


LONG-TERM PRECIPITATION (MM) 


| 
‘ 
_ i . 
o! 
- a 2 ite 
wa = — 
a, i - 
fi r % a, Hy i 
~ ome “> *. 
a . 
io i gs. : 7 
ae ~ — Oo 
, Pe 
Or} } et 
aa sd 
* sa e 
a thal 
, 


+% os ee bh 2 - 
! eke) : YIU 


> ly 
t = 
™ e 4 
an 
' ' 
+4 i r= 
| 
| @ 
4 ! » Tela « | i 
i 
Fi | 
J - V+. 


* siteteenitate eA) eis 






OOLinis Jotsen aod. (angi saan 21Ul6mHqmes “since, 
“bolas of? Wtivaiped © aatoare adtsone” bow ¢ 8; 

(s iGwal 2s battavenly emma sh ot . 

a Sarak ome ani oa <a ea abet 
oe ba Fat ; 

Gen ies) debeses aa a aoe 





58 


Thus, precipitation for June to September 1972 for the permanent record- 
ing stations was above average for June to September, average for July 
and below average for August. Overall, the study area received an 
average amount of precipitation throughout the summer. The long-term 
record of mean monthly temperatures recorded at Entrance shows that 
temperatures recorded in the study area were average for June and July, 
significantly above for August and significantly below average for 
September. 

The climatic records taken in the study area are therefore consid- 
ered to be typical of the summer climate of the region. 
Comparison of temperature and precipitation data within the study area 

Table 4.5 and Figure 4.4 show the monthly mean temperature, the 
monthly maximum and monthly mean minimum for the climatic stations for 
June, July and August and for control station 1 and minesite station 3 
for September. The monthly mean temperatures of the control stations 
are similar for June and July and differ only by 0.7°C for August. 
Monthly mean temperatures for minesite stations differ by up to 1.1°C 
and are generally higher than the control station monthly means. Control 
station ] has the highest maximum and lowest minimum temperatures for the 
entire period. The mean monthly maximum temperatures for the minesite 
stations are consistently lower than those of the control areas and the 
mean monthly minimum temperatures consistently higher. Generally then, 
the ambient air temperature in the minesite was warmer by 1°C than that 
of the control areas. Control station 2 was warmer than control station 
1 and minesite station 3 was warmer than minesite stations 2 and 5. 


The control areas thus exhibit greater ranges of monthly temperat- 


ure than the minesite. To simplify further discussion control station 3 
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Figure 4.4. 


Mean, mean minimum and mean maximum monthly temperatures at 


each of the microclimatic stations in the study area. 
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will be used to represent the minesite. Figure 4.5 shows the mean, 
minimum and maximum daily temperatures for control station 1 and mine- 
site station 3. Generally the control area has higher maximum and 

lower minimum so that the range of temperature is greatest in the control 
areas. 

The minesite has a lower albedo than the control area and therefore 
it might be anticipated that air temperatures within the minesite would 
be higher than the control area during the day and cooler than the con- 

~trol area during themisht because of ‘the greater absorption of heat at 
the surface in the minesite during the day and greater re-radiation of 
heat from the surfaces at night in the minesite. Figure 4.6 shows the 
surface temperatures and percent of possible sunshine at control station 
1 and minesite station 3. Figure 4.6 shows that for sunny days the 
surface temperature in the minesite is generally higher than the control 
area and that the reverse is true on overcast days. The temperature 
differences are not generally large. 

Figure 4.7 shows the air temperature in the control area and mine- 
site on two calm, clear, sunny days and two windy, overcast days. On 
bright, sunny, and <aim days the air temperature at the control station 
is warmer during the day and cooler during the night than the minesite. 
On overcast, windy days the air temperature is slightly cooler at the 
control. area during the day but the meee is warmer throughout the 
nignt. The daily fiuctuations of temperature are therefore greater in 
the control area than in the minesite. The mean monthly and diurnal 
fluctuations in temperature are contrary to what would be expected from 
the difference in the surface albedo at the control area and the mine- 


site. 
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Heat is transferred into and out of the soil by the movement of 
air, water, and water vapour so that soil with a high permeability will 
warm and cool more rapidly than soil with a low permeability. It was 
established in Chapter III that the spoil materials are highly 
permeable. 

The soil temperature profiles show that the minesite responds 
readily to the influx of heat or cold and that the control area responds 
more slowly, and that the soil temperature gradient in the minesite area 
is less pronounced than in the control area. Thus, the minesite is 
warmer than the control area at night because the heat accumulated deep 
in the spoil material of the minesite is released during the night and 
warms the air in the minesite: cold air is not ponded in the minesite 


whereas in the control area the vegetation tends to inhibit the mixing 


Fh 


of warm air with-cold air close to the surface. Hence the diurnal 
temperature regime shown in Figure 4.7. 
The main conclusions from the temperature discussion are: 

(1) The differences between the temperature in the control area and in 
the minesite average 1 to en 

(2) The control sites have a greater variation in temperature with a 
higher. temperature than the minesite during mid-day and a cooler 
temperature than the minesite during the night. 

(3) Surface temperatures are generally higher in the minesite than in 
the contrel area and this can be attributed to the lower reflect- 
ivity of the minesite's surface and greater mixing of air close to 
the surface. 


(4) Soil temperatures in the minesite are generally higher than in the 


control area and are warmer at depth than in the control area. Soil 


temperaturee in the minesite show that the soil at depth in the 
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minesite warms and cools much more rapidly than the soil at depth 

in the control area. 

(5) Soil temperatures rise aud fall more rapidly in the minesite area 
than the control area and this may be attributed to greater perm- 
eability, high infiltration capacity and high transmissibility of 
the spoil materials. 

(6) Ground surface temperatures within the minesite are not sufficien- 
tly high to damage plants. 

Precipitation 
Little difference in amounts of rainfall at each station was 

observed. The amounts and dates of rainfall recorded at control station 

1 are shown in Figure 4.8. 

Wind 
It was not possible to measure wind speed continuously as instru- 

ments and a power supply were not available. Periodic measurements of 

wind speed were made with a portable anemometer and the wind speeds 
measured in the minesite correspond to the measurements made by Dillon 

(1972) at the minesite at Luscar. The minesite at Luscar is similar to 

the minesite in the study area and the wind speeds recorded there have 

been used an an index of wind speed in the study area. In the study 
area the measurements of wind speed made within the minesite are con- 

sistently higher than those made at control stations 1 and 2. 

The discussion so far indicates that there is little significant 
difference in temperature and summer precipitation between the control 
area and the minesite. To extend the discussion further, temperature, 
precipitation, wind speed and surface albedo will be tied together in a 


discussion of potential evapotranspiration. 


Se 





(neve loviaoo old wl oy 
ds & ee 


aeTh @ 7 “i ij ‘fit rani oe To IJp4 hue salts e2'Tutey 94qm63 Lek (@) ; : 

/ = 
arte fuotg G3 Sytilingas sd vow e699 Jer 86e0 Deed sade meee 7 
4 ‘o i dgid bee yo loans ood ies) ind dghd ,vsliidens | te O 


elatieiow Lhogs alt 
o olf cttw oe tuetngnss sontene bound off) 


pint by eyiémtl oF igit ¢la 


moj dezbaloes$ 
le] | Jo alooeta ai gone zelitb elisit 7 
120 345 S@o atdnwomn efT sbevisedo 
6.® eruptt al nwoda wee f : 
fa 
0) aldigeog Jon enw OF 
= 


v ‘avi 1) Ob eeqque- Tonoq a ie adaee 
we ofdeited itlw abe ovew bseqe nly 


7 
> 
bd bnug@oTies siieetin af3 nl betvenen : et 
i 


: ’ 
ae it TH | 16 D2 wonto oft Je CREEL) i 
™ guess tgin sre boy esp qouae alo ob ashe ae: - e 
baiees ; ‘4 in, = as wid ot: te aa] © bevid Le xolbvii cm it! beet nood ; ae 
: . ao 


70S) His ort Vid ili ee det iw Be sens ee ae Woe i 


SS fet 1 2ialonsa ios tie ae Shem oaals auda 


fig LAER) ci sas Deiter emer 





67 


(AW) TIVANT VY 


LSNONy 
OT 
i ee aes ae: ee aa Bes: han: 


ud 


RS 


wy ' 


L 


"[ UOTIVIS -[OIqUCS Ge [Teyupey 


T ih 


Li i} & = 
Ld 4 


i | 
{1 ES 


"g°y oan3Tg 


aNAr 





CAN) 'TIVANTVY 






caer Gad De on 
So cs s S a & seaehiabe 3 << “ ; 
’ ” te - 


i ne ee mcr |S 


~—“) 


’ Pa 


‘ 
7 
p< Tl & Oe 


o 
- 
os ‘ 
i 
, ° as 
- = a ls i 
i 
t , 7 
- « & 
t ty 
_ 
~ = a 
‘ - - 
- 3 5 = ‘ . 3 o*. = fy 2 Ya 
| L | 
*~ -ruiy as s pee ee <n Petry — 
} j 
A 


ir 
a > + 2 ae a 
bot we oa co aie - =. ‘ange are owt “i 





68 


Potential _evapotranspiration 

Daily values of potential evapotranspiration were calculated for 
the period June 12th to August 17th for each cof the stations in the 
study area using Penman's (Penman, 1963) and Christiansen's (Christian- 
sen, 1966) methods. Figure 4.9 shows the total potential evapotranspir- 
ation for each of the stations in the study area. The control stations 
have significantly lower potential evapotrarispiration than the minesite 
stations and control station 1 and minesite station 3 show the preatest 
differences. The daily values for control station 1 and minesite 
station 3 are shown in Figure 4.10. (The values of potential evapo- 
transpiration for the usaar site was supplied by T. Dillon and are 
based on the Christiansen method).-. The figures show that the methods 
give comparable results and that potential evapotranspiration is con- 
sistently higher in the minesite than in the control area. 

Figure 4.11 shows the potential evapotranspiration for each station 
for two overcast, cool, calm days and two sunny, warm and windy days. and 
the corresponding values at the Luscar site. Surface albedo and wind 
speed are the two elements identified so far as being significantly 
different in the minesite and the control area and the figure shows that 
air temperature at each station is not significantly different but the 
wind speed varies considerably. Thus, the differences in potential 


' 


evapotranspiration may be attributed to differences in surface albedo 

and wind speed. Figure 4.12 shows the potential evapotranspiration for 
the same periods as Figure 4.11 using Penman's method but with various 
values of surface albedo (r). The effect of r on potential evapotrans- 


piration for each site is relatively small. 


Figure 4.13 shows the cumulative potential evapotranspiration for 
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Total potential evapotranspiration for 
each of the stations in the study area. 
Open column was calculated using 
Christiansen's method and shaded column 
was calculated using Penman's method. 
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Daily values of potential evapotranspiration for control 


station 1 and minesite station 3 using Penman's and 


Figure 4.10. 


Christiansen's methods and daily values for Luscar using 


Christiansen's method. 
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Column sequence from left to 
control station 1 by Christiansen's method; 


minesite station 3 by Christiansen's method; control 


station 1.by Penman's method; minesite station 3 by 
Penman's method; and Luscar by Christiansen's method. 
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e 4.12. Potential evapotranspiration for the same periods as 
Figure 4.11 using Penman's method with values of surface 
aivedor(n) as efoltews: (control setatiomel fo10wnb5 £720, 125 
anusoUG minesite station, 2 - 6, 19, 12, 14 and. loi: mine= 
STL SEALTON NS e- 45% GPO EPS} tandn]OZsvcontrobestat ion (Qe 
ia toe eee owe ie oeand 134; minesite station 5 - 7,.8, 104 
11.5 and 13%. Lowest value of r gives highest potential 
evapotranspiration; highest value of r gives lowest 
potential evapotranspiration. 
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| June 12 to August 17 using Penman's 

| method with various values of r (surface 
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| the study area. Top horizontal line in 

| each bar (Cl - S5) has a value“of r equal 
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June 12th to August 17th using Penman's method with various values of r 
and the estimated actual values of r in the study area. Significant 
differences still arise even if the value of r used is identical for 
each station and hence the difference in potential evapotranspiration 
may be attributed to the difference in wind speed within the minesite 
and control area. 

The potential evapotranspiration is an index of the amount of 
moisture that is required for optimal plant growth and evaporation under 
various conditions of temperature, humidity and wind. Thus if the 
values of cumulative potential evapotranspiration are compared with the 
amount of moisture supplied to the study area as precipitation, an 
indication of moisture stress is obtained. 

Figure 4.14 shows cumulative potential evapotranspiration for 
control station 1] and minesite station by Penman's and Christiansen's 
methods and cumulative precipitation for the period June 12th to August 
17th. Where the cumulative precipitation curve is above the cumulative 
evapotranspiration curve, moisture for optimal plant growth is surplus 
and where the curve if below the cumulative evapotranspiration curve 
moisture is deficient. Thus from Figure 4.14 it is apparent that a more 
pronounced moisture deficiency exists within the minesite. The period 
for which there is a moisture deficiency is also longer at minesite 
station 3 than at control station 1. 

Obviously not all rainfall is retained at the surface for plant 
growth. No runoff was observed during the period June 12 to August 17 
so that water loss from the soil was by percolation and evapotranspir- 
ation alone. Unfortunately soil moisture was not sampled in the study 


area so that it is not possible to determine the proportion of rainfall 
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retained in the soil of the control area and spoil of the minesite. 
However, it was demonstrated in Chapter LII and in the temperature 


section of this chapter that the spoil is highly permeable and with’ 
low organic matter so that water loss by percolaticn is probably 
significant. Figure 4.14 also shows an index of available moisture 
which is defined.as, the accumulated daily precipitation, less_the, daily 
accumulated evapotranspiration. Thus corrected cumulative moisture (C) 


equais the sum of accumulated daily rainfall (CP) minus accumulated 


daily potential evapotranspiration (CPE) or 


mthas pat 


. Sune 12 


(CP - CPE) 
where GC cannot be less than 0.00 and 
CC1P = cumulative available moisture at control station 1 using 
Penman's method to calculate potential evapotranspiration. 
(CCLP = CC1IC as values for potential evapotranspiration for 
control station 1 using Penman's method are practically 
identical). 
CS3P = cumulative available moisture at minesite station 3 using 
Penman's method to calculate potential evapotranspiration. 
CS3C = cumulative available moisture at minesite station 3 using 
Christiansen's method to calculate potential evapotranspir- 
ation. 
These curves then give an index of available moisture assuming 
that no moisture is lost to percolation. Figure 4.14 shows that 
(1) Potential evapotranspiration for control station 1 using Penman's 
method and Christiansen's method are practically identical. 


(2) Potential evapotranspiration for minesite station 3 using Penman's 


method and Christiansen's method are similar. 
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(3) Cumulative precipitation exceeds the cumulative evapotranspiration 
at control station 1 from June 21 to August 17 whereas at minesite 
station 3 cumulative precipitation exceeds cumulative evapotranspirat- 
ion for a shorter period from June 22 to August 5. 
(4) Soil moisture storage at control station 1 is estimated at 26 mm 
so that the cumulative available moisture curve for control station 1 
shows that moisture for optimal plant growth (potential evapotranspir- 
ation curve) is deficient at controlmstation.1 for July 13 to July 18 
and July 20 to August 17. The curve of potential evapotranspiration 
approximately parallels the cumulative available moisture curve so that 
adequate moisture for plant growth is available. Scil moisture storage 
at minesite station 3 is estimated at 12 mm so that the cumulative 
available moisture curves CS3P and CS3C indicate moisture deficiency 
for June 14 to June 24, June 26 to August. 17 and June 16. to, June, 24, 
June 30 °to Augest J/ respectively. The magnitude of the deficiency is 
given by the difference between cumulative potential evapctranspiration 
and the cumulative available moisture curve so that the minesite has a 
far greater moisture deficiency and maintains that deficiency for much 
longer that the control area. Thus, the amount of moisture maintained 
in the soil.of the control site and spoil of the minesite are signific- 
antly difierent. 


Summary 


a) 


The spoil materials react more rapidly to the influx of heat or 
cold than the control area and hence have more uniform soil temperatures 
at depth. The highly permeable spoil behaves as a heat sink during the 
day and releases heat during the night and thus moderates the diurnal 


temperature regime of the minesite. 
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It is apparent that the air, surface, and soil temperature regimes 
of the minesite and the control area are not Significantly different. 

Potential evapotranspiration calculated by two methods give similar 
results. 

Potential evapotranspiration is consistently higher in the minesite 
than in the control area. 

The albedo of the minesite and the control area are not suffici- 
ently different to account for the large differences in potential 
evapotranspiration. 

fhe potential evapotranspiration exceeds the amount of moisture 
supplied by rainfail and a moisture deficiency was present for most of 
the study period. 

Differences in wind speed are significant and account for the 
differences in potential evapotranspiration between control station 1 
and minesite station 3. 

The inmoisture deficiency is more pronounced and exists for longer 


periods in the minesite. 
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CHAPTER V 


VEGETATION AND HABITAT 


The type and distribution of vegetation in the study area will be 


discussea and related to geologic conditions in the study area. 


Vegetation 


ult to map and to estimate the ground cover. 


Plants in the minesite are isolated, widely separated, and diffic- 


The communities identified 


give a semblance of local groupings with one or two plants as dominant 


species. Table 5.1 lists the communities identified and the percent 


of ground covered. 


Tables 5.2 and 5.3 list plants identified in undisturbed sites 


within the minesite and on spoil material in the minesite. 


The distribution of plant communities and percentage of plant cover 


igs given in Figure 5.1 (in pocket), 


Conere | 


isolated, individual plants or 


pine 


Arana 


areas of undisturbed vegetation in the minesite resemble the 


area in disturbed @reas consists of 


plant mats. 
within the minesite have the 


following characteristics. 


are frequently low, prostrate, decumbent, spreading, 


creeping, acaulescent or racep tose. 


Plants are frequently matted with a dense growth of overlapping 


frequently have perennial rootstocks, annual 


roots, rhizomes, 
large tap roots, dense fibrous root mats and spreading- and deep- 
“penetrating roots. 


Plants frequently reproduce vegetatively. 
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Table 5.2. - Plants found in undisturbed’ sites 


Scientific name 


Gramineae sp. 


(lL) serene. 





Epilobium angustifolium L. 
— = ae wee CD 


Arctostaphylos rubra (Rehder & Wils.) Fern. 





Alnus sinuata (Ragel) Rydb. 
Betula glandulosa Michx. 


Juniperus horizontalis Moench 
Rosa sp. 


; 

Picea enge |\manii, Parry 

Picea glauca (Moench) Voss 

Pinus contorta Louden var. latifolia 
Kugelm. 


“within the minesite 


Common name 


comnon bearberry, 
kinnikinnick 
alpine bearberry 


fireweed, great willow- 


herb 
alder 
dwarf birch 
creeping juniper 
rose 
willow 
kngelmann spruce 
white spruce . 
lodgepole pine 
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Table 5.3, Plants found. growing in the minesite on spoil material 


Scientific name 


Achillea millefolium L. 

Aster sp. 

Androsace chamajasme Host 
Astragalus eucosmus Robins, 
Botrychium minganense Victorin. 





Campanula rotundifolia L. 
Cirsium vulgare (Savi) Airy-Shaw 
Crepis wana Richards, 

Delphinium glaucum S. Wats. 
Dryas drummondii Richards, 

Dryas inbegrifolia M, Vahl 
Epiioebium angustifolium L. 





el. ox E, sylvaticum 





ella (L.) Borner ssp. 
Je MaGal Lett 














acut: ichx.) 

Hapl SSD. 

Heracl danatum Michx. 
Leguminosae sp. 

eee eeree! lee 
Mertensia paniculata (Ait.) G. Don 
Oxytropis campestris (L.) DC.” 
Ranunculus acris L. 

Senecio canus Hook. 

Selidage decumbens Greene 
Taraxacum officinale Weber 
frifolium pratense L. 

pa ee ue repens L. 

Zygadenus gramineus Rydb. 


Alnus ginuata © 
Potentil li 2 frat eos. i, 


Rosa Roaeued, Leas ane by jacicularis: 





ee 


+ scouleriana 





Salix. sp. * lan 
Barratt) 
Populus balsamifera L. 


Common name 


common yarrow 

aster 

sweet-flowered androsace 

milk vetch 

mingan grape-fern 

bluebell, harebell 

pul thistle 

hawksbeard 

tail larkspur 

yellow dryad 

white dryad 

fireweed, great willow 
herb 

willow herb 

horsetail, scouring rush 

northen bedstraw 

felwort 


cow-parsnip 


campion 

tall mertensia 

late yellow loco-weed 

tail buttercup 

prairie groundsel 
goldenrod 

commen dandelion 

red clover 

white clover, Dutch clover 
death camus 


alder 

shrubby cinquefoil 

ground qu niper 

common wild rose and 
prickly rose 

wiid red raspberry 


willow 


balsam poplar 


puffball 
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(v) Plants die back to rootstocks or perennial stocks and reproduce 
by underground rhizomes. 

(vi) Plants grow only in places protected from the wind such as the 
lee sides of boulders and logs and in depressions and hollows. 
The plants aiso grow away from the prevailing wind; i.e., growth 
extension with wind direction. 

(vii) Plants are adapted to rocky, gravelly, sandy, moisture deficient 
wind-swept habitats typical of high alpine regions. 


(viii) Plants are more frequently found at the break in slope at the 


Gi) in’ Gre ceneral area and the minesite plants are abraded and 
gnarled by wind-borne particles of snow or rock (Plate 5.1). 
Figure 5.1 shows the distribution of trees killed and damaged by 
wind-borne particles. Figure 5.2 shows the 
distribution of snow and the source area for wind-blown snow and 
rock particles. 


le was aliso noted that 


(i} plant seeds settla only in places protected from the wind; 
(Cea) many plants in the minesite produce seeds in profusion and many 


of the seeds have large feathery pappi which makes them suscept- 
ible to wind transport; 

(iii) steep slopes of spoils lack vegetation and the vegetation that 
has established on the slopes is adapted to annual inu®dation 
by fine-grained rock particles. 

Vegetation and geologic aspects of ha 


Spoil materials, except coal, are fertile and will support veget- 


ation, but steep slopes 11™it vegetation by the rapid downslope movement 
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of frost-shattered fine-grained material and inundation by wind-trans-~- 
ported fine-grained rock debris. Figure 5.1 shows spoil pile slopes 
are practically devoid of vegetation. Vegetation on the flat surfaces 
of spoil is limited by the abrasion of vegetation by wind-borne particles 
of rock and by the deflation pavement created by the removal of fine- 
-grained rock particles. Where these rock particles have accumulated 
below the minesite the understory vegetation has been buried and growth 
retarded. Groundwater in the minesite has a pH of about 8, is pure and 
supports relatively luxuriant vegetation where the groundwater discharges 
at the surface of the minesite. 
Vegetation and microclimatic aspects of habitat 

It was aie in Chapter. IV that the temperature regimes of the 
control area and the minesite are not significantly different, that the 
summer precipitation is not significantly different and that the albedo 
has little effect on the surface temperature and the potential evapo- 
transpiration of the minesite and the control areas. Potential evapo- 
transpiration for the control area and the minesite, moisture retained 
at the soil surface and wind were shown to be significantly different. 
Table 5.4 shows the depth and water equivalent of snow measured during 
three snow surveys. Winter precipitation is the same in the minesite 
and the control areas but the snowfall in the minesite is considerably 
redistributed by wind (Plate 5.2, Figure 5.2). Thus large areas in the 
minesite do not retain snow cover and hence receive no soil moisture 
recharge from snowmelt. In places within the minesite that retain snow 
in snowdrifts the fine-grained dark-coloured rock particles that are 
blown with the snow form layers on top of and within the snowdrift. 


These layers reduce the albedo of the snow, promote the absorption ot 
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heat and therefore promote the ablation and melt of the snowpack. Thus 
the amount of moisture retained in the minesite from winter precipit- 


ation is significantly different from the control areas. 





The removal of snow cover allows vegetation on the minesite surface 
to be abraded by wind-borne particles of snow and rock, and dessicated 
by warm chinook winds. Plants in the minesite that die back to a root- 
stock therefore have a better chance of survival over winter. 

Trees adjacent to the minesite have been damaged by wind-blown 
particles of snow and rock and exhibit an asymetrical shape with branches 
extending on the side of the tree protected from the prevailing wind. 
Some trees have been killed by wind-borne particles since mining oper- 
ations ceased and have rotted at their base and have been blown down by 
storm winds from the west. The orientation of the fallen trees and the 
orientation of the flagging of branches is remarkably consistent and 
parallels the direction trom which fine-grained rock particles are moved 
and deposited. 

A number of the dead trees were cut and the growth rings examined. 
The annual growth rings show a marked eccentricity with the vith closest 
to the west~facing side of the tree. The three sections show a decrease 
in the eccentricity of the growth rings with increase in height so that 
the eccentricity is probably produced by abrasion by wind-borne particles. 
Two vegetated pebble dunes shown in Figure 5.3 show orientations 
of $0 and 85 degrees which is consistent with the orientation of 
flagging, and stems that extend above the dense Salix mat on the dunes 
during the summer are killed off by abrasion and dessication during the 
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Figure 5.3. Two partially-vegetated pebble dunes in the study 
area near control station 2. Vegetation is Salix 
sp. which forms a dense mat close to the surface 
of the dune; annual growth above the mat is killed 

off during winter by abrasion and dessication. 
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stands in the minesite were displaced from 12 - 20 degrees from the 


vertical by storm winds (Plate 5,3)... The four,.5 x 10 cm legs of each 


screen stand were embedded in 1 meter of coarse, compacted, angular 


rock of the spoil in the minesite. Considerable force would be required 


to displace these stands from the vertical and it is 


that winds in excess of 160 km/hr have been reported (Edmonton Journal, 


1973). Whe ssc ueen. 


stands were painted with a thick ccat of white paint 


at the beginning of the field season and that paint was intact at the 


end of September 1972. By January 1973 the paint at the base of the 


screen stands on the west-facing side had been removed by wind-blown 


rock particles and the screen's west-facing side was pitted and scarred 


by the impact of wind-blown rock particles (Plate 5.4). 
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storm winds in the study area thus blow from 


lent, persistent and damaging to plants. 


and fall winds are also persistent and strong and 
le influence on seed distribution. 
65, p- 47) gives an equation for the "probable flight 


ed (defined by assuming a seed has an equal probability of 


He states: 


r 


from the point of release with coordinates X = VU, Z = 


rises to a height of z = Z (vertex) and 
descends to the Level of release (z = 0) at a distance of x = X (range 


in the direction of wind). 


(Geiger, p. 47). 


The path is a parabola with the equation". 
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. where 

A = austausch coefficient (gm cm ~ sec) 
ie d . "a . = -3 

p = dencity of “air ,(emecm ~) 


u = wind speed (cm sec7l) 


* 
| 


height of release of seed (cm) 
c = rate of fall of seed (cm sec“) 
If an air density of 0,0013 gm cm™3 is assumed the 
probable range (where x # 0) reduces to 

X = 700 _Au_ 

oe 

where A and u are defined as above and c = rate of tall of seed (cm 
sec!) (dependant on seed shape, size and mags). 

Figure 5.4 shows probable range of seed flight against wind speed 
for four seed types similar to seeds found within the study area. Most 
of the herbs and forbs produce feathery pappi and the flight path of 
these seeds will be similar to the achenes of dandelion shown in Figure 
5.4. When wind speed is greater than 3 kilometers per hour the probable 
range of seed flight of seeds similar to dandelion exceeds the dimen- 
sions of the minesite. Seeds produced within the minesite will therefore 
tend to be blown out of the minesite by relatively gentle winds. This 
does not preclude seeding from the control area to the west of the mine- 
site. Generally the vegetation cover increases from east to west in the 
minesite which probably reflects lower wind speeds at the west end of 
the minesite (shelter of vegetation; less fetch for wind) and less removal 
of seed from the area. At the east end of the minesite, where consider- 
able fetch is available to the wind, higher winds are present, more seeds 


are removed from the minesite. 


Seeds produced within the minesite with shorter probable range 
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Figure 5.4. Probable range of t for particuler-wind speeds 
with achenes of da ‘laraxacum officinale) (triangle), 
birch seed (Betula verrucosa) (square), spruce seed (Picea 
exelsa) (dot), and fir seed (Abies pectinata) (inverted 
triangle). 
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(shown in Figure 5.4) will fall within the minesite even at relatively 
high wind speeds. However the pebble deflation pavement of the mine- 
site presents few seed catchment places compared to undisturbed veget- 
ated ground and seeds may be repeatedly uplifted and transported. This 
offsets the higher rate of fall of the seed. Most seeds therefore 
éventually lodge in places protected from the wind and the azonal and 
isolated plant cover is a reflection of seed transport into the minesite, 
the high winds and moisture deficiency created primarily by high 
evapotranspiration and Yapid percolation of soil water. 
infrared film and moisture stress 

Healthy plants will show up as bright red on Kodak False-colour 
reflection infrared film and those under moisture stress will show up 


yt | 


as reddish-brown. One roll of this film was exposed on one day in 
August on plants with known adequate moisture supply (groundwater seep- 
are and springs) and plants established on spoil materiais. Although no 
sequential photography was possible plants with known adequate moisture 
supply photographed bright pink and on spoil materials plants photo- 
eraphed light pink- to pink-brown. Thus moisture deficiency in indic- 


ated for plants growing on spoil materiais as would be expected from 


the plot of potential evapotranspiration and available moisture shown 


Summary 

Generally the vegetation abundance in the minesite decreases from 
west to east and this may be attributed to the greater wind fetch which 
leads to higher winds at the east end of the minesite and therefore 
higher evapotranspiration, greater removal of snow and fine-grained rock 


particles, and greater abrasion of adjacent vegetation. 
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In the control areas, the established vegetation shelters the 
ground surface from wind which prevents removal of snow, reduces pot- 
ential evapotranspiration and protects young plants from abrasion by 


snow and rock particles. 
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Plate 5.1. Young Engelmann spruce damaged on its west- 
facing side by wind-blown particles. 





Plate 5.2. Wind redistributed snow at the east end of 
the minesite in March of 1972. 
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CHAPTER VL 


CONCLUSIONS 


It has been shown that the principle elements limiting natural re- 
vegetation are climatic rather than geological. 

EB The Luscar Formation from which the coal at Cadomin was extracted 
extends from Nordegg to northeast British Columbia and similar 
geological conditions will arise where coal is extracted by surface 
means anywhere along its length. 

(2) Spoil piles are stable. 


(3) The spoil surface weathers extremely rapidly by physical processes. 


(4) No evidence of significant chemical weathering was observed. 
C5) Runoff in the minesite is rare and little gullying has occurred. 
G) Groundwater seepage through spoil materials is rapid and the 


> 


chemical and physical properies of the water after passage are 
not significantly changed. 
are fertile and support vegetation 


=f 


but are highly permeable and do not retain much moisture close to 


(8) The rapid downslope movement of finely comminuted rock material on 
steep spoil slopes inhibits revegetation. 

Meteorological 

(9% The air, surface and soil temperature regimes and summer precip- 


itation of the minesite and control areas are not significantly 
Git revents 


(10) High, persistent, year-round winds remove snow cover and fine- 
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grained rock material and these particles abrade vegetation in 
the minesite and the adjacent undisturbed vege ion. 

(11) The high, persistent winds tend to remove seeds produced in the 
minesite. 

(12) Potential evapotranspiration in the minesite is significantly 
higher in the control area. 

(13) The natural revegetation of the abandoned minesite east of Cadomin 
is limited by the removal by wind of seed supplied to the area, 
the abrasion of vegetation cn the minesite surface by wind-borne 
particles of rock and snow, and moisture deficiency created by 
high permeability of spoil materials, the removal of snow cover 
during winter by storm winds and chinooks, and the high summer 
evapotranspiration in the minesite which results from persistent 
winds over-the minesite. 

Revegetation of disturbed land 
Lf artificial revegetation of disturbed iand in the Alberta Foot- 

hills is to be successful moisture deficiency and wind velocity must be 


t 


reduced. The moisture deficiency may be reduced by pomeac ours spoil, 
deliberately drifting snow, and reducing evapotranspiration by reducing 
wind. Thus mixing organic material with surface spoil, the use of snow 
fences, shelter belts and the creation of a rough microtopography will 
encourage plent growth. However, care must be taken not to allow 
surface runoff because of the high potential erodability of spoil mater- 
ials. 
Future research 

The study has provided a basis for future research which should 


include the following investigations. 
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Determination of infiltration rates, percolation rates and soil 
moisture retention capabilities of various mixtures of spoil. 

Determination of the effect of spoil compaction on infiltration 
rates 


percolation rates and soil moisture. 


3 


Determination of an ideal water balance for minesites. 


Determination of economic ways to reduce wind velocity over mine- 


sites. 
Determination of the effect of mixing organic materials with the 
surface spoil. 

Determination of drought-resistant, abrasion tolerant and des- 


sication-tolerant plants. 
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